selection process according to the PRISMA guidelines is shown in Fig. 1 . Results are summarized in Table 1 and in the following paragraphs.
Results

The Concept of ERAS: A Major Shift in the Paradigm
The implementation of ERAS in the global management of patients can be subdivided into pre-, peri-, and postoperative periods, each of which has distinct changes compared to traditional management. 6, 9, 29, 32 Here, we summarize the main concepts for each of these three phases of patient management, which are also listed in Fig. 2 .
Preoperative Period: Patient Education, Anxiety Management, and Fasting ERAS begins as early as the preoperative period 2 during patient counseling with respect to the type of surgery to be performed and its potential complications in particular. Providing comprehensive information to patients about the hospital stay, care trajectory, and postdischarge nursing and treatment is crucial. Given the fact that wellinformed patients have a better postoperative outcome, realistic expectations should be set before surgery in wellselected patients 35 in order to avoid later dissatisfaction. A simplified patient preparation is preferable. 6, 28, 32, 33 Prolonged fasting should be avoided as it has been proven to exert negative effects on the metabolism and the musculature. 19 Eating is allowed until 6 hours prior to surgery, and clear liquids are permitted even up to 2 hours before. Furthermore, carbohydrate supplementation is recommended. 11 Intraoperative Period: Sedation and Awake Surgery
In six of seven publications, regular sedation was used during surgery. In the publication by Wang et al., awake surgery was used as an adjunct to ERAS. 32, 33 The rationale for regional instead of general anesthesia is to avoid complications linked to orotracheal intubation, 32, 33 providing direct patient neuromonitoring and avoiding perturbations in homeostasis. 32 It implies that the surgeons have limited time to work on a patient; the airways are not secured and thus close monitoring is required. In both awake and sedation surgeries alike, controlled perioperative hydration is advised, especially in older patients. Normotonic saline solution is retained in the body, leading to an undesired positive water balance. 19 Postoperative hypotension is managed with minimal fluid supplementation, whereas vasopressors are applied only if necessary. Overall, this results in a neutral fluid net effect.
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Postoperative Care and Outpatient Follow-Up: Central Role of Fast-Track Nurse
Patients are encouraged to eat and drink within hours after surgery. 32 If no complications emerge, the patient is mobilized and rapidly discharged home. If required, hospitalization can be organized in a specific outpatient unit.
6
Outpatient short-term follow-up is advised and can be conducted via phone interviews by a fast-track nurse who complements the regular follow-up in clinics. 6 
Preceding ERAS: Development of MISS
The use of MISS techniques aids in accelerating patient recovery after treatment even though such techniques are not systematically reported in the ERAS protocols. The conventional open midline approach to the thoracolumbar spine enables straightforward access to the posterior bony elements. However, detachment of the intrinsic spinal muscles results in muscular atrophy and augmented postoperative pain. This, in turn, leads to postoperative morbidity and impaired functional outcome. 5 Moreover, blood loss related to the approach may require more blood transfusions, a longer hospital stay, and a greater need for revision surgery due to hematomas and infections, especially in older patients. 5, 10 In the articles reviewed, MISS was not exclusively used ( Table 1) .
Because of their potential in reducing surgical inva- had a significantly reduced multifidus muscle cross-sectional area (CSA) on postoperative MRI, which was not the case for MISS. With both procedures, increased fatty infiltration was observed but was more pronounced in the patients operated on using the open approach. 8 In a similar vein, Kim et al. reported a significant decrease in the multifidus muscle CSA after open pedicle screw fixation, which was not seen in the percutaneous pedicle screw fixation group. 18 Shunwu et al. demonstrated that patients undergoing minimally invasive transforaminal lumbar interbody fusion (TLIF) had lower serum creatinine kinase levels than those undergoing open TLIF. 26 Altogether, these factors support the adjunct use of minimally invasive percutaneous pedicular fixation in ERAS.
3) Faster postoperative mobilization. According to Seng et al., after minimally invasive TLIF, patients had a faster time in resuming ambulation by a factor of two (1.5 vs 3 days) compared to patients in the open TLIF group. 25 Shunwu et al. had similar results. 26 4) There are also fewer postoperative infections following MISS. By avoiding the creation of dead space in between the skin and the muscular plane using small incisions, surgical site infections (SSIs) can be significantly reduced, as shown in a multicenter study by McGirt et al. 22 Fewer SSIs were observed in an MISS group of patients undergoing percutaneous 2-level TLIF, which turned out to be a cost savings as well. 1 In another study, the total mean morphine use for minimally invasive TLIF (17.4 mg) was less than that for open TLIF (35.7 mg). 24 Similar observations were made by Isaacs et al. 14 and Seng et al. 25 6) Cost reduction. Going hand in hand with faster mobilization, shorter hospitalizations were noted in patients after minimally invasive TLIF than in patients who underwent open fusion (3.6 vs 5.9 days, p < 0.001; refer to point 3 above). 25 Singh et al. conducted a financial analysis of minimally invasive TLIF procedures and showed that hospital costs can be lowered by using MISS techniques ($19,512 in MISS vs $23,550 in open TLIF). 27 In their study, implant costs were similar in both groups and accounted for two-thirds of the direct hospital costs in the MISS cohort and half of the costs in the open group. Hospital reimbursements were higher for the standard open TLIF patients than the MISS group. 27 
Discussion
In theory, the purpose of ERAS is to increase patient comfort and satisfaction by reducing the invasiveness of the surgical procedure 31 and its associated complications, as well as by shortening the overall length of stay. In reality, the application of ERAS in spine surgery faces many problems involving caregiver training, the development of less invasive surgical techniques, and the conduct of accurate follow-up. Moreover, difficulties with hospital reimbursements need to be considered. From a patient perspective, high compliance is warranted as ERAS demands strict adherence to the treatment plan. The implementation of ERAS in daily clinical practice is challenged by patients' and surgeons' fears of complications and beliefs, as well as cultural and environmental factors. Moreover, a comprehensive and multimodal approach to postoperative pain, nausea, and vomiting should be fully integrated. 21 Great efforts will have to be made in the next decades to ensure good, accurate clinical practice as well as to generate more prospective data.
MISS, Awake Surgery, and the Outpatient Setting in ERAS
The MISS technique-although proven to be efficacious in terms of reducing postoperative pain-is not systemically applied for ERAS. As can be seen from Table  1 , four groups did not incorporate the technique. This is paradoxical since MISS and ERAS both aim to reduce surgical invasiveness. Without MISS, ERAS loses its relevance. Thus, MISS has to be viewed as the specific surgical arm of a more global ERAS concept applied to spine surgery. Similarly, only one author group performed ERAS-aligned awake instrumented lumbar procedures, 32 which requires well-trained surgeons as well as anesthesiologists.
The ERAS concept is easily applicable to noninstrumented spinal procedures such as lumbar disc herniation or spinal stenosis but seems more difficult to put into practice when it comes to complex spine cases. ERAS does not require the patient to be discharged directly after surgery. As patient safety comes first, the aim for same-day discharge should not be the priority in ERAS guidelines.
Finally, caregivers must not envision ERAS as an accelerated discharge protocol and should certainly not confuse it with a simple "fast-track" surgery.
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ERAS and Instrumented Spinal Procedures
Chin et al. 4 first described the implementation of ERAS in instrumented spinal procedures. In their case series, 16 patients underwent outpatient open, single-level TLIF. The operations lasted 125 ± 7 min on average with an EBL of 161 ± 32 ml. The mean low-back visual analog scale score of 8.4 ± 0.37 was reduced significantly to 4.96 ± 0.73. Functional outcome, as measured with the Oswestry Disability Index, was significantly improved from 52.71 ± 0.04 preoperatively to 37.43 ± 0.06 postoperatively. The fusion rate was 87.5%. 4 Eckman et al. retrospectively compared 808 outpatient minimally invasive TLIF procedures to inpatient procedures. 7 These authors reported similar outcomes between the two groups except for a lower visual analog scale score for leg pain in the inpatients. In this study, however, patients 65 years or older were selected for inhospital stays.
Wang et al. published the first study on awake, endoscopic TLIF in 10 patients. 33 The average operating time was 113.5 ± 6.3 min with a mean blood loss of 65 ± 38 ml. Contrary to the report by Debono et al., the procedures were not outpatient. Functional status and pain were both improved. A second report on 42 consecutive cases was recently published by the same group 32 and represents the largest study on awake minimally invasive TLIF that implemented an ERAS approach in the daily clinical practice. Following the same methodology and with results comparable to those in their first publication, the authors showed that ERAS in spinal fusion was effective and feasible with favorable early functional outcomes; significant improvement in the Oswestry Disability Index from 40 ± 13 to 17 ± 11 (p < 0.01) was noted.
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ERAS in Oncological Patients
The ERAS concept is even more valid for cancer patients. Debilitated cancer patients who are candidates for surgery may benefit from the ERAS approach by having a quicker surgical recovery and more rapid movement to rehabilitation or complementary nonsurgical treatments. Furthermore, MISS techniques are now strongly recommended in cancer patients presenting with spinal involvement. Recently, Grasu et al. reported on the use of the ERAS concept in oncological patients undergoing spinal procedures.
11 By comparing the standard protocol with the ERAS approach in 56 and 41 patients, respectively, the authors demonstrated the feasibility and effectiveness of ERAS on pain control in oncological spine surgery patients. Those patients who had been treated with the ERAS approach had better pain scores and less opioid consumption than the patients who had undergone surgery before the implementation of ERAS. Although they were retrospective, these studies showed that ERAS can be applied to cancer patients, in whom reduced surgical invasiveness and early recovery are key to rapidly proceed to complementary treatment and rehabilitation.
Medical and Healthcare Costs
As healthcare systems differ from one country to another, the analysis of medical costs in ERAS is difficult and entails bias, limiting the discussion on medico-economics. Moreover, current practice ensures hospital reimbursement for inpatient management and does not provide proper financial compensation when it comes to ERAS. However, some preliminary data 6, 34 have shown that despite major flaws, ERAS can save financial resources. Medical infrastructures are not always designed for the implementation of ERAS. Thus, the potential for savings is probably underestimated. In addition, ERAS without MISS introduces bias; that is, patients undergoing MISS or open surgery cannot be directly compared, as previously noted by Wang et al. 34 Their patients undergoing MISS were more likely to be young and healthy.
Medical costs were investigated in noninstrumented as well as instrumented MISS and ERAS procedures. Debono et al. showed how costs can be halved by introducing outpatient microdiscectomy 6 Thus, the implementation of ERAS is probably impeded by current reimbursement policies.
ERAS in the Future
Since lumbar degenerative pathologies account for a large healthcare burden in Western countries, 13 the optimization of treatment costs via the ERAS system is warranted. Besides preventing physiological stress related to surgery and allowing a quicker return to normal daily activities, ERAS provides tools to improve functional outcomes. 31 Developments in new surgical and anesthesiological techniques that will eventually propagate a rapid worldwide spread of the ERAS concept in spine surgery must be undertaken. Moreover, not only surgical disciplines are concerned in the improvement of ERAS in spine surgery. From a strictly economical point of view, surgeons should provide robust economical and clinical data to challenge the current reimbursement policies. The reduced rate of complications, the adherence and active participation of patients, and the decreased length of stay may lead to lower healthcare costs. In addition, as patients are discharged more quickly, patient turnover is increased. All of these considerations render the implementation of ERAS within the field of neurosurgery interesting for governments, administrators, caregivers, and patients, especially since ERAS has already been proven efficient in other surgical specialties.
Study Strengths and Limitations
There is a dearth of information in the literature about ERAS in spine surgery. This is especially true for ERAS in neurosurgery. Surely, this weakens any review of the literature on the topic, but it also reveals the need for a thorough exploration of ERAS in spine surgery.
The economical factor will probably be the main point to work on in the future in order to eventually expand ERAS in spine surgery. The most important contributions to the economical analysis of MISS and ERAS are provided by Wang et al. 34 and Debono et al. 6 The publication by Wang et al. takes into consideration minimally invasive surgery in lumbar spine fusion, which is only one technical aspect of the ERAS approach. The publication by Debono et al. on outpatient microdiscectomy is more in the spirit of ERAS. However, it does not provide data on more complex cases, which is a slight limitation for cost analysis. These two publications are of great value and serve as a good starting point to expand the economical concept further; however, they introduce a selection bias, as older patients and/or less healthy patients have been excluded from the MISS and/or ERAS programs. Also, international comparison is difficult because of the very different healthcare and reimbursement systems from one country to another.
The strategies to develop to engage hospital administrators in ERAS should also be discussed further. This illustrates the challenge of such a paradigm shift toward ERAS in an international milieu. In France, Switzerland, and probably all of Northern Europe, healthcare systems are more in favor of outpatient management-for economical reasons certainly, but also due to cultural beliefs. And this can also vary between public and private hospitals.
Conclusions
The ERAS approach is a safe and effective tool to reduce the overall invasiveness of spine surgery, as well as its related costs through shortened hospitalizations, while maintaining a high standard of care and patient comfort. However, medico-economical considerations need to be tailored to the healthcare environment. The education of patients and caregivers is paramount. To date, the results reported in the literature are promising, but further studies are needed to justify an expansion of ERAS in the field of spine surgery.
